We sought to investigate the efficacy of oral dosing in mice with imipramine (7mg/kg/day) via water or in food pellets, and to compare its effects in the paradigms of learned helplessness, locomotion, hedonic state, and anxiety. Methods: Water and food consumption were measured to determine daily imipramine dosage in C57BL/6N mice. Next, baseline scores for O-maze, dark/light box, and sucrose tests were measured. Mice were then subjected to a 4-week treatment of voluntary ingestion of drinking water or food pellets containing imipramine. Lastly, all groups were subjected to novel cage, open field, O-maze, dark/light box, sucrose test, and forced swim test to assess the effects of the treatment. Results: In naïve mice, imipramine delivered via food, induced a reduction of total floating and increased latency in the forced swim test, i.e., antidepressant-like effects. No other significant effects were found. Dosing with water did not change behavior in the forced swim, sucrose preference test, anxiety, or locomotor paradigms, but increased exploration in the novel cage. Conclusions: Voluntary ingestion is an effective method of chronic dosing with imipramine in naïve mice. Delivery of imipramine with food pellets elicits antidepressant-like effects in the forced swim test, with no effects on anxiety, locomotion, or preference behaviors. In contrast, no such effects were observed with treatment via drinking water, suggesting that a higher dose may be required. Our work argues for a broader use of oral delivery using food-treated pellets, in small rodent models of pre-clinical depression. It may substantially improve animal welfare and overcome potential confounds in translational research, which are frequently associated with adverse chronic invasive pharmacotherapies. Citation Costa-Nunes JP, Bakhmet A, Araújo-Correia M, Valença AB, Strekalova T, Steinbusch HWM. Effects of voluntary imipramine intake via food and water in paradigms of anxiety and depression in naïve mice. Transl. Neurosci. Clin. 2016, 2(3): 172-182.
Introduction
The development of novel and powerful therapeutics for patients suffering from neuropsychiatric disorders has raised important concerns regarding the efficacy of current preclinical approaches [1] [2] [3] , many of which have been intensively discussed in the last decade with regard to their limitations in available models [4] [5] [6] [7] .
The major concern with the use of small rodents as preclinical models has been their translational validity. In the last decade, a growing body of evidence has demonstrated the ability for a vast diversity of experimental conditions to induce potential confounds for the practical application of animal models, which is believed to result in the noteworthy variability of results [8] [9] [10] [11] . Some of the pivotal sources of such confounds are considered to include the circadian phase of manipulations [12] , housing conditions [13] [14] [15] , the role of the experimenter [16] [17] [18] , and the delivery method, formulation, dosing, and duration of treatment [8, 11, 19, 20] .
Regardless of their adequate use, various types of invasive treatments in rodents are reported to evoke distress, inflammation, and pain, predominantly when long-lasting dosing schemes are employed [21] [22] [23] . Nonetheless, in many cases it is methodologically challenging to avoid prolonged and invasive drug administration, especially when non-water soluble compounds have to be chronically administered and/or an extended period of time is required to observe its therapeutic effect. These experimental challenges are frequent when testing pharmacologically active compounds in rodent models of depression, where the onset of symptoms [24] [25] [26] and antidepressant-like effects [9] may take weeks to develop.
In pre-clinical research, antidepressant treatment is often delivered intraperitoneally [27] [28] [29] [30] [31] [32] or subcutaneously [33] , while other approaches are applied less frequently [34] [35] [36] . However, the oral administration of antidepressant-like treatment and other pharmacological drug candidates is also effective for small rodents [7] . Moreover, the negative effects of chronic invasive treatment are circumvented, providing greater translational value by mimicking a clinical setting of drug intake by patients [37] .
In this study we used a low dose of imipramine, a reference drug used for translational research in depression, delivered with food pellets or in drinking water, to assess the efficacy of these two dosing methods, against those that have been previously established [7, 38] .
Methods

Animals and housing
Three-month-old C57BL/6N male mice were supplied by Instituto Gulbenkian de Ciência, Oeiras, Portugal, and housed individually in standard laboratory conditions under a reverse 12 h:12 h cycle (lights on at 21:00). Behavioral tests were conducted from the onset of the dark phase of the light cycle (9:00) in a dark, quiet room during the morning hours. All procedures were in accordance to the European Union's Directive 2010/63/EU, Portuguese law Law-Decrees DL129/92 (July 6th), DL197/96 (October 16th), and Ordinance Port.131/97 (November 7th). This project was approved by the Ethical Committee of the Science Faculty of the University of Lisbon.
Study flow
Prior to starting treatment, animals were weighed and grouped so that the body weights in each group were balanced. Naïve mice were exposed for 4 weeks to imipramine that were contained in self-made food pellets (Imi-food group) or dissolved in tap water (Imi-drink group). The concentration of imipramine in food pellets was calculated based on the daily food intake of the experimental mice, which constituted 4.07 ± 0.48 g. For animals receiving treatment in drinking water, imipramine was dissolved normally and calculated based on a daily water intake of 4.53 ± 1.56 g. The selection of a desirable dosage of 7 mg/kg/day was based on previous observation of undesirable side effects with higher doses [6] . Control mice received a regular diet and normal drinking water. Before the start and after 4 weeks of dosing, all mice were tested in the sucrose preference test, O-maze test, and in the dark/light box, as previously reported [7, 39, 40] . Locomotor activity of all mice was studied in the novel cage and open field tests, as previously reported [7, [40] [41] [42] , after 2 and 4 weeks of dosing. At the end of behavioral testing, a 2-day forced swim test with 6-min sessions was performed as previously reported [38, 42] (see Figure 1 for a scheme of the study flow). The number of mice per group is indicated in each Figure legends.
Preparation of pellets
Food pellets were blended to powder and Imipramine Hydrochloride (Sigma-Aldrich, Munich, Germany) was added, adjusted to the dose of mg/kg/day, based on the consumption of normal diet (see Table 1 for composition), which was averaged over 3 days, as previously reported [7] . Small amounts of distilled water were added to allow food pellets to be shaped to a similar size of those available commercially, then dried overnight (16 h) at 60 °C. Fresh pellets were produced twice a week to restock food supply. 
Behavioral tests
Forced swim test. The Porsolt forced swim test has been used as previously reported [38, 42] . Mice were subjected to two 6-min-swimming sessions spaced 24 h apart in a transparent cylinder (17 cm in diameter) filled with water (+23 C, water height 13 cm, height of cylinder 20 cm, illumination intensity 25 Lux). Floating behavior, defined by the absence of any directed movements of the animal's head and body, was scored manually by an experienced observer who was blinded to the treatment protocol. Using a previously validated automated scoring method, the latency of the first episode of floating and the duration of floating behavior were recorded during the 6-min-swimming session, on day 1 and day 2 of the test. Latency to begin floating was scored as time between introduction of the animal into the pool and the first moment of complete immobility of the entire body for a duration of >3 seconds. The total time spent floating and number of floating episodes were scored. Dark/light box. The dark/light box (Technosmart, Rome, Italy) consisted of 2 plexiglass compartments connected by a tunnel, one of which was black/dark (15 cm × 20 cm × 25 cm) and the other was lit (30 cm × 20 cm × 25 cm). Anxiety-like behavior was assessed by measures that have been previously validated [39, 42] . Mice were placed into the dark compartment, from which they could visit the lit box, which was illuminated by a 25-Lux intensity light. The latency of the first exit to the light compartment, the total duration of time spent in the lit box, and the number of visits to this anxiety-related compartment were scored by visual observation over 5 min.
Elevated O-maze. The apparatus (Technosmart, Rome, Italy), which consisted of a circular path (runway width 5.5 cm, diameter 46 cm), was placed 50 cm above the floor. Two opposing arms were protected by walls (height 10 cm), and the illumination strength was 25 Lux. The apparatus was placed on a dark surface in order to reduce reflection and maintain control over lighting conditions during testing. Anxiety-like behavior was assessed using previously validated parameters [7, 38, 40] . Mice were placed in one of the closed-arm compartments of the apparatus. The latency of the first exit to the anxiety-related open compartments of the maze, the total duration of time spent therein, and the number of exits to the open arms were scored during an observation period of 5 min.
Novel cage test. The novel cage test was performed to assess vertical activity, as previously reported [38] . Mice were introduced into a standard plastic cage (the size of their home cage) filled with small amounts of fresh sawdust. The number of exploratory rearings was counted under red light during a 5-min period. Open field. The open-field apparatus consisted of 2 square arenas (50 cm × 50 cm × 50 cm), made of wood that were covered by white resopal. Mice were put in the center, and their behavior was recorded on camera for 10 min. The open field was illuminated with white light (25 Lux) . The distanced moved, mean instant speed, and number of line crossings were analyzed off-line using the Any-maze software (Stoelting Co, Wood Dale, IL, USA), as previously reported [43] .
Sucrose test. Animals were given 8 hours of free choice between 2 bottles of either 1% sucrose or normal drinking water, as previously reported [11] . The bottles were weighed at the beginning and at the end of the period, and consumption calculated. The beginning of the test started with the onset of the dark (active) phase of animals' cycle. To prevent possible effects of side-preference in drinking behavior, the position of the bottles in the cage was switched halfway through testing. No previous food or water deprivation was applied before the test. The 1% sucrose solution was used in tests performed across the experiment. The percentage preference for sucrose was calculated using the following formula:
Statistical analysis
Data were analyzed with GraphPad Prism versions 5.00 for Windows (San Diego, CA, USA). Data were validated for normality, upon which a one-way ANOVA was used followed by a post-hoc Bonferroni test for the comparison of more than two groups with a control. The level of confidence was set at 95% (P < 0.05) and data are shown as mean ± standard error of mean (SEM).
Results and discussion
Antidepressant-like effects of imipramine in the forced swim test
In order to assess the efficacy of an alternative chronic dosing design, we evaluated the effects of the 4-week treatment of imipramine, which were delivered via food pellets and drinking water, in the forced swim test. In comparison to controls, animals subjected to imipramine treatment via food, but not via water, exhibited a significant increase in the latency to float Figure 2b) . Consequently, it can be concluded that imipramine applied at low dose with food pellets, but not in drinking water, induced an antidepressantlike effect in the present study. These results corroborate our recently published work, where the delivery of a low dose of imipramine with food pellets exerted antidepressant-like effects in the forced swim test in C57BL/6N mice [7] . However, when treatment was provided with water, these effects were not significant. As reported by Cline et al. [38] , a similar 3-week protocol reduced depressive symptoms such as stress-induced decease in sucrose intake and preference, hyperlocomotion, and elevated aggressive behavior, similar to previous results in a model of elderly depression in 18-month-old C57BL/6N mice [42] , or those in the chronic stress depression model with CD1 mice [41] . These differences could potentially be attributed to differential involvement of the sympathetic nervous system in these different conditions. It is proposed that in naïve animals imipramine activates sympathetic tone, which is altered during stress. Besides, since the metabolic rate is enhanced by stress-induced sympathetic activation, the clearance of imipramine in stressed animals is higher, which can also explain the variance of results in the studies discussed above [43] .
Effects of imipramine in tests for anxiety-like behavior
In order to study potential effects of imipramine administration on anxiety-like behaviors, we performed experiments using classical paradigms of anxiety. In both dark/light box (DL) and O-maze (OM) tests, animals receiving treatment in food pellets and water showed no significant differences between groups for latency (DL baseline: P = 0.2404, F = 2.851; DL posttreatment: P = 0.6678, F = 0.8076, respectively Thus, either way of dosing with low dose of imipramine did not alter anxiety-like behavior in mice in the present study. While tricyclics are known to reduce anxiety in humans [44] and animals [45, 46] , some preclinical studies report a contradiction in anxiety-related behavioral changes in rodents treated by compounds of this class [47] [48] [49] [50] . A lack of such effects in current work can be attributed to the low dose of imipramine that was used. Conversely, the use of this dose in models of depression enables the discrimination between antianxiety and anti-depressant changes, which frequently overlap.
Effects of imipramine on basal physiological parameters
In order to study the general effects of imipramine administration on basal physiological parameters, the following parameters were evaluated: locomotion, liquid intake, novel cage, O-maze, and sucrose preference. In the open field, no difference between groups was found in distance travelled (week 2: P = 0.8313, F = 0.1866; week 4: P = 0.3993, F = 0.9640, respectively Bonferroni post-hoc test).
In the novel cage test, animals treated with imipramine via food exhibited normal vertical activity, whilst those receiving it via water had a significantly increased number of rearings (Week 2: P = 0.0013, F = 9.575, t = 3.214 vs. Control, t = 4.126 vs. Imi-food; Week 4: P = 0.0348, F = 4.027, t = 2.695 vs. Control, respectively Figure 4d , ANOVA and Bonferroni post-hoc test). This suggests that the increased exploratory behavior, rather than altered locomotion, in the latter group may indicate anxiolytic-like changes as no differences were observed in an open field arena, as described above.
In a 2-bottle sucrose preference test, there were no significant differences in water intake (baseline: P = 0.9444, F = 0.05741; post-treatment: P = 0.2337, F = 1.571; P > 0.05 between groups, ANOVA and Bonferroni posthoc test, respectively, data not shown), sucrose solution intake (baseline: P = 0.3344, F = 1.161; post-treatment: P = 0.0613, F = 3.246; P > 0.05 between groups, ANOVA and Bonferroni post-hoc test, respectively, data not shown), and sucrose preference between the groups (baseline: P = 0.7932, F = 0.2345; post-treatment: P = 0.1485, F = 2.111, respectively Figure 4e ; P > 0.05 between groups, ANOVA and Bonferroni post-hoc test).
The absence of changes in general locomotion and solution intake or preference found in animals treated with imipramine, via either route of dosing, suggests a lack of basal physiological and behavioral responses, which can be perceived as undesirable side-effects. Together, our observations support the potential usefulness of imipramine in preclinical models of depression, since it avoids potential confounds related to a depressive state.
Efficacy of Imipramine treatment
As seen above, our data suggest the distinct effects of a selected dose of imipramine that was selfadministrated via food pellets and drinking water to naïve. It may be argued that animals might have altered their baseline patterns of food or water intake during the course of the experiment, and therefore dosing. However, the daily weighing of pellets and bottles revealed similar intakes on a day-to-day basis (not shown). Moreover, previous reports suggest that food ingestion has no effect on the absolute bioavailability, peak concentration attained after oral dosage, or the time to peak concentration of imipramine [51] . However, it can be claimed that 7 mg/kg/day is a very low dose in naïve animals, requiring the presence of stress for its effects to be seen when delivered with drinking water [39] . This will be addressed in follow-up studies using a stress model of depression.
Conclusions
Our data suggest that the administration of pharmacologically active compounds by oral route may be considered an effective method for chronic dosing.
The results from the current study are in line with other reports, where antidepressants were delivered via food or dissolved in drinking water [7, 38] . This dosing method could be mostly useful whenever long-lasting drug administration is required, with particular benefit for stressed, operated, or immunodeficient laboratory animals, not only by minimizing suffering and associated risks. Although drug delivery with voluntary consumed food or liquids is an established method of dosing, its use in pre-clinical research is currently limited. Although in many cases this approach is seen beneficial since it enables the maintenance of a steady blood concentration for the drug, in contrast to bolus drug administration; this method is sometimes regarded as uncontrollable due to its dependence on actual food intake and the variable bioavailability of some compounds depending on their delivery route [52, 53] . Meanwhile, the consummatory behavior of laboratory animals is usually not very variable and often not modified by the pharmaca. The bioavailability and metabolism of many investigational drugs are well known, and have a good compatibility with the oral dosing route. Thus, their dosing with the voluntary intake of food pellets or drinking water can probably be exploited more frequently.
In experimental paradigms of depression, the overlap between anxiolytic-like effects and antidepressant effects [54] [55] [56] [57] may potentially confound the assessment of antidepressant-like effects of investigational drugs in translational research. In this regard, our study offers a possible dosing/testing scheme that may enable dissection of these 2 types of effects by using a low dose of drugs with an antidepressant activity. In addition, our current results suggest that a low dose of imipramine delivered orally with food may preclude overlapping antidepressant and anxiolytic effects, which were shown for other schemes of drug administration with higher doses and other delivery routes. Thus, these data are beneficial for implementation in future pre-clinical experimental design in a field of depression.
Follow-up experiments have been designed to tackle some of the limitations of the present work. We plan to use a stress model of depression to address the effects of voluntary oral intake of imipramine and other pharmacologically active compounds at various dosages on behavioral, molecular, biochemical, and immunological processes.
